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CHAPTER 1 
 
 
INTRODUCTION 
 
 
 1.1  BACKGROUND OF STUDY 
 
Construction industry is considered as an industry which exploits the 
environment the most. Concrete is the most important building material due to its high 
compressive strength characteristic. It is incorporated with steel as reinforcement to 
cater on its weakness in tensile strength. The combination of both materials which 
formed reinforced concrete is able to sustain dead load as well as live load of building 
structures. Due to this large production of concrete and steel is needed to cater the 
demand. Indirectly, this has contributed to environmental deterioration. Malhotra (2000) 
stated that cement industry alone has generated for about 7% of carbon dioxide (CO2) to 
the environment. Cement production is very energy extensive as it requires burning 
fossil fuel over 1400 ͦ C (Aziz, 1995). Besides that, rapid production of materials such as 
steel and iron releases over two tons of CO2 to the atmosphere (Neville, 1995). Not only 
cement production, manufacturing of steel also requires extensive energy and normally 
the energy comes from coal, liquid oxygen as well as raw ingredients (Mahzuz and 
Alam, 2009). Besides that, steel is susceptible to corrosion in the presence of oxygen 
and water. The rate of steel corrosion is dependent on the concrete’s electrical resistivity, 
moisture content and the rate at which oxygen migrates through the concrete and 
causing steel to corrode. Carbonation and chloride attack will accelerate corrosion due 
to the reduction of alkalinity in concrete. Therefore, there is a need to begin the search 
for materials that are eco-efficient which will be the substitute for steel as reinforcement 
in concrete. 
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Nowadays, many researchers have been done using available natural resources. 
Bamboo is an example of natural resources that has the potential to be substitute of steel 
reinforcement in reinforced concrete. Generally, bamboo is known as a giant grass 
which grows rapidly in tropical and subtropical regions. Its strength which is greater 
than timber and its tensile strength is approximately half as compared to steel making it 
suitable to be substitute to steel reinforcing bar in concrete (Khare, 2005). Furthermore, 
bamboo is light weight compared to steel. The utilization of bamboo as reinforcement 
will consequently reduce the cost of construction. This would be beneficial in which 
high strength of building can be achieved with lower cost. In short, bamboo has the 
potential to replace steel as reinforcement in reinforced concrete due to its characteristic 
to be cheap, easily available and most importantly strong in tension and compression.  
 
Generally, Malaysia consists of 70 species of bamboo which includes 50 in 
Peninsular Malaysia, 30 in Sabah and 20 in Sarawak (Wong, 1989). In 1970, the area of 
bamboos in Peninsular Malaysia was approximately 20 000 ha (Mc Grath, 1970). Until 
now, the area has been increased to 329 000 ha (Abd. Razak and Abdul Latif, 1988). 
Azmy and Norini (1990) has stated that bamboo as the natural resources in Malaysia, 
has been identified as the second importance of non-timber source next to rattan. It has 
long been integrated with traditional, rural Malaysia lifestyle, but it has never been 
commercialize widely as the attention is only focused on handicrafts, timber and 
furniture industries or sometimes it is used as supplementary construction materials. 
Currently, bamboo resources in Malaysia are left as an unmanaged wild population.  
 
This study is conducted with the intention to investigate the possibilities of 
exploiting bamboo, the natural resources in Malaysia which grow in abundance, as 
materials to be utilized in construction industry. Three major areas were considered in 
this study. Feasibility studies conducted in terms morphology behavior of bamboo with 
chemical treatments such as black oxide primer and sodium hydroxide solutions, 
physical properties of bamboo in terms of density, initial moisture content, water 
absorption, compression and tension strength that make it suitable to replace steel as 
reinforcement in concrete as well as the performance of bamboo sticks in terms of load 
deflection behavior, crack pattern and failure mode. 
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1.2 PROBLEM STATEMENT 
 
The popularity of concrete as building material in construction industry is well known 
and it is produced more than 10 billion tons per year (Meyer, 2009). This is due to its 
relatively high compressive strength properties. However, it cannot be used alone 
without any reinforcement as it possesses low tensile strength. Usually, concrete will be 
reinforced with steel in order to provide strong tensile strength. However, steel is 
susceptible to corrosion when steel reinforced concrete expose to adverse conditions. 
Besides that, steel is made up from iron which is found abundant in earth crust. 
However, it will undergo depletion if continuous exploitation is carried out. In short, 
steel is not a renewable resource. Furthermore, rapid development and production of 
materials especially steel, iron and cement have given enormous impact to the 
environment. Steel industry has contributed to pollution which endangered to the 
humankind. Due to this, many researchers begun to search for materials that are 
renewable as well as have eco-efficient characteristic to be substitute for steel. 
Nowadays, many researchers have been done using one of the available natural 
resources which is the bamboo to be a potential material used as substitute for steel 
reinforcement. This is due to its characteristic to be cheap, easily available and most 
importantly strong in tension and compression. Malaysia has abundant bamboo 
resources which is not widely been utilized. Currently, bamboo resources in Malaysia 
are left unmanaged wild population. The usage of bamboo is mainly focused on 
manufacturing incense sticks, broomsticks and handicraft industries. Dato’ Ghazi 
Sheikh Ramli, the founder and chairman of Global Innovation and Entrepreneurship 
Foundation (GIEF) quoted, “Bamboo will be the new economic transformer of 
agriculture in Malaysia. It should not be seen as contributing to agriculture only but it 
has huge potential in many different industries as well”. Therefore, there is a need to 
study on the potential of bamboo to be used in other field especially in construction 
industry. In this study, feasibility study of using bamboo stick as replacement of 
reinforcing bar in concrete is conducted. The study of morphology behavior of bamboo 
sticks when treated with chemical using scanning electron microscope as well as its 
physical properties was performed. Four-point bending was conducted to investigate on 
the performance of bamboo reinforcement in concrete in terms of load-deflection 
behavior, crack pattern and failure mode. 
